The George W. Woodruff
School of Mechanical Engineering

fMéSA—CR-182§83) AN DPPUSED-RUCKET LUNAR
?IJQIM& IMPLEMENT Advanced Missions Space

jesign Program (Georgia Inst. of Tech.)
120 p

N90-71235

Unclas
- 00/37 0280006

Georgia Institute
of Technology

Atlanta, Georgia 30332




W

croRamTICH mssies | MECHANICAL ENGINEERING

DESIGNING TOMORROW TODAY

. MEms2
MECHANICAL DESIGN ENGINEERING

' ' NASA/UNIVERSITY - o
' ADVANCED MISSIONS SPACE DESIGN PROGRAM

AN OPPOSED-BUCKET LUNAR DIGGING IMPLEMENT - -

JUNE«1987

ORISIIAL PONTAISE
COLOR Iwﬁﬁm@% -

- Marshall B. Allen, III
Chih-Yu Chu
Jon M. Coleman
Jae N. Lim
Payl R. Thomas
Bertram B. Wheatley

Georgia Institute of Technology
Atlanta, Georgia 30332-0405

An Equal Education and Employment Opportunity Institution A Unit of the University System of Georgia

THE GEORGE W WOODRUFF SCHOOL OF :




- aN3.

R TEEEC

R JNHY;aaddn\\Q- S

C430NOHS




TABRLE OF CONTENTS

Iu {%hﬁatr‘a‘:tannuuunnnunxununuunuuuu’nuuuunnuunuuuuuunnii
L T a F'l"' [ h‘ ! L3I 5.”; .l';at (-‘:2-’(‘{16%?1'11.' L R N N R R R 1
;“f L] C:CI‘T"!EE'['L‘I”«':’:’\ i T’!"‘;E‘; L L N L T N R I I T N R VR S u # 2 ouon E‘z

B EVvironmeEntS. v oo ewnocnnunonnnnsonnnnnennnnnb

[:::u L‘JE.‘:'j.g.””"tnuuunuunnunuuunuunﬂuuunnuununn-uunuunnna
D. Foous and Organi et iome s s oo nwuwnnnosommwmnnennnalh

IIT. Description of Operabiome cereenoranoonnansnnesnsna

V. Pmrfmrmance“un,u.;nun,unnunnu,u"nnn"ﬂuu"nn"n"u“,uné

Vo Dimensions of Upper and LOWET AYrMe..osecesnseennea?
VIo Mydraulic Sysbem. . ewesnononowaonousnansnusnnssunensd
VIT. Heat Tramsfer and Thermal Comtrol..seseesesnssosssl
VITY. Imterface Pin Comection and JoimbS.soreeneneeensld
T e FPower Bupply . easesconcosnonmananussnuonusoneenannsl
K Loyl S e e o wuunnonnnnsanunnnennunnnsaonsnnnnonnnnsl?
X1. N@ight..,"u,,,nn.n"n,n.unnn,,u",uxuanu"u,unnunn}nﬂﬁ

x}::{n C.t(:']"‘c:l!.‘.giclr}nnunnnuun:nunnuuunnuuunnunnnunnunnnunnu&}l

u
g
i

XIT1 . RecommeEritlE b it o o m e on e eosnssnsnsnsassnnssesnss,

XKIVe ACkEnowledgementS. e e e oo onsnncnnnnanunnonnsnsonensssB3

X‘\)n Bf’.b}.ic‘gr“ap!ﬂf}lunnnuununnnuunuunnnnnnxuuuuunuunnuu HE{'!‘

XWI. Appendices
e By B s s v s nnwwn s s n s s e nwnnnennnsnonnnnnn et
e Fower System ComparSiome e eswenonnsannsssasld
e Hydraul lCS . v s vnencnsuonnanaonsnnnnnsnnunnssasnd
o Meat Transfer .o sounansnonsnnannansnnnnaenasf
R - 3 T O 7
Go Interface Piv Cormec bl cnce s onenosnnmnnans 78

l?u J‘C‘j.}ml.tsiauu-nun:nurtnnnnnununn::nnnnuxxnnunnnnuuu{%c:’)

Be Progress Reportees s sessnssnunnunnennnsonsnnsa 99



The Liuvar Diggar has been worked on by several groups this
yaar. Many problems have been solved. but the tigger is far from
complete.  The arm and shoulder need to be analyzed for the RO KN
pecking forces and lubrication options need to be stated.
Electromechanical actuators were not vesearched in thep i g
therefores a further comparison must be made ho clarify the
previocus decision to use hydraulic actuators. I additions heat
transfer and control systems must be desigred since past reports

left cut these inporitant subjects.

Information on heat transfers controls, lubrication.

@lectromechanics. and hydraulics were researched thonagh
texthooks and professors. A force analysis on the arm and
shoulder was made to check the material. and pregrams on heat

dissipation were used to design an acceptable heat transfer

&, @

Results indicate that the kinematic structure should use a

1.3 meter pecking distances. a Teflon coating: a hvdranlic powsr

systems & radiator heat transfer device., and a simple closed loop
feedback control system. We conclude that the corrective

attions and additicons should be made in order te further sptimlee

the design.
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ERUOBLENM STATEMENT

In vecent years the long term plarming decision of the
National Aercmautics and Space Administration. NASA, has proposed
the construction of bases on the Meon for the purpose of lunar
research and exploration.  To accomplish such a project.
construction vehicles eguivalent to bulldozers and earthmovers on

sgarth must be designed for the moon. OF particular importance is

a luvar digging mechaniss which is imperative for the sxcavation
of the lunar surface in order to lay the foundations for such a
hase. The preliminary design for such a digoing mechanism, or a
Lunar Digger. has been accomplished by previous project groups.
The puwrpose of owr project group is to further develop the Lunar
Digger to a final optimized design. The digger®s chijectives
include impacting the scil for penstration, trenching, viok
removals and surface leveling. The word "lunar” simply describes
soemething that pertains to the moon: while the word "oigger® is

self-euplanatory.

Te achisve ouwr purposs: we must speclfy a power generation
ardd transmission systems a heat transfer gsysbem: a lubrication
scheme, & conbrol systems and an improved kinemabic structure.

The performance levels that need to be achieved include a day and
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night operational machine, a life gupectancy of ten yvears for
the arm structure itself: a damping of the RPOKN pecking impact

force, and an operaticonal control format.

LONBTRAINTS

implement are the main constraints in the design of the lunar

digger. Both constraints must be taken inte consideraticon For an

efficient working model.
ENVIRONMENTAL

Temperature gradients lack of atmosphere, reduced gravity.
radiation: and soll mechanics are the major environmental
constraints of the MELT Since the diggers on the earth ave not
sulted for the moons information gained from experience with

garth vehicles is limited.

The temperature gradient of materials on the Moon is shean .
In the shade. the temperature will be at ~130 degress T. On the
cebher hands in th@‘$MWlithﬁ the temperature is at +100 degrees (.
Materials used for the digger must function in this wide range of
temnperatures. Hymfaulim Fluwide, power systems, and controls are

aleo subject to the extreme temperature gradient.

The atmesphere of the moon s cne-twoe millionth that of the
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@arth. The assumpticon that the atmesphere is virtually
nor-eistant can be readily made.  One resulting constraint is
that there is no medium to transfer heat by conduction o
convection. Therefore, the motor and the material will have to
use an alternative method in tramsferring heat. The joints of
the members are also %ubj@mt@d to cold welding 3 metal to metal
contact is made. Lubrication that can withstand the lack of

atmesphere and abrasion are vital for the joints.

The ultraviclet radiation that reaches the implement will
deteriorate any non-metallic substances. Rubber seals would
detericrate and cause breakdown if the seals were used on the
digaer. Radiation would alse have the same effect on the

protective covering.

The scil on the meoon is very abrasive. Lunar dust and soil
will wear down metal and tear seals. The surface may have rocks
arnd hard orusts that resemble gravel on the sarth. The digger
must  operate under these conditions and 54111 remove the soil
and rock s well. Joints and cuter surface must he protected,. and

the sceoops should have a high resistance to wear.
WETGHT

The welight constraint of &700 M is used to restrict the



costs of transporting the materials. The estimated cost for

transporting materials to the moon is $3.400 per N.

FOCUS_AND_ORGANI

The Lunar Digger is a complex mechanical machine composed of
mary systems. This report detaills the improvements and
cptimizations made in the design of the arm and shoulder
structuwres the lubricaticon systems the power svatems the heat
transfer system, and the controel svstem. The details COTHET TG
the analysis and design of each of the above sysbemns are

organized in individual s

:tiqﬁﬁ that will follow.
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DESCRIFTION OF OPERATION

©The Lunar Digger is very similar in app@avaﬁcé tooa

backhos. meeymrﬂ constraints of the Tunar envivonment
dictate that the digger will differ significantly in bp@ratiwnn

An earth bouwnd backhoeos uses its weight and the weight of
the significantly massive attached equipment to provide bhe
re-action foroes necessary to inﬁarﬁ the bucket into the soil.

First, the bucket iﬁ iﬁ%ért%d inte the soll uwsing the
welght for a normal force reaction, penetrating the soil.
AT ter penetration, a lateral force is added and draws the
bucket not only downward, but horizontally tﬁraugh the soil,
Filling the bucket. This is &ﬁ afficient method of digging on
garth, but on the lunar swface, the decrsase in gravity to
17&, or 17% of the garth's gravity poses problems. The samne
mass on the moon simply will n&t praovide eﬁgugh w@ight,fqrm
the reaction forces necessary to penebrate the lunar crust.

The Lunar Digger has available to 1t approdximately 1,3%0N
novmal force and 140N létwral force avallable for ﬁiggiﬁg'
(From the combined weight of th&(@kittar amd(@iggﬁr}n T
circunvent the lack of stationary reaction Foroe, the digger
arm and the @wdweffe&tmréﬁuchaza will be accelevated downward
before impacting the swface.

The momentun gained will then be the used to initially
insart the bucket fips into the lunar scil. The Gpposed
bucket design sffectively pulls itseld into tha gnil to

conplete the digging ovole.

Y
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Thers could be times when it
rate of the digger. This rate was

found to be B0 cubic meters per
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helpful to know the digging

calcuwlated in appendix (V) angd was

Mooy .
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BLAND . LOWER ARM

Th@‘dimﬁﬁﬁiﬁﬁ% of the arms are determined from the impact
force of 25 KN on the hydraulics. Free brodty diagrams and a
program determining inertia and stress show the veglons of safety
for the members. The yeild strength of 390 MN/m™R and a factor
of safety of 2 give the admissible stress from h@ﬁdiﬁg too e 180
MM/Zm™ 2.  We chose the stress of 147 MN/6R to assurs buckling
does not occowr across the secondary axis.  The bruackling
calculations are made at the coross-section where the hydraslics

are located. The dimersions of the arms can be shown it tabular
form. Calculations and visuals of the arm are in Appendix 1.

The total weight of the arms s 185 N (411lbs).

e e GWER BRI
(" 194 m 1.5 m

H al=udé om ada L om

B 28 m W7 m

+ S0 m 21 m

L= LENGTH

i

HETGHT

g
H

B o= WIDTH

T
31

= THICENESS

CRNOTE R THE WIDTH AND HETGHT TAFER FROM THE HIGH TO LOW STRESS)



LBYSTEM

The Lunar Digger will be powered by a system of eight hydraulic

actuators. There will be one rotary and seven linear actuators as

ahown in Figure (11110,

table (11183,

Bore

L.abel: Diameters:

Lem)

P 2

Diameter:

A list of these actuators

Mivimuam
Langths

{(m)

a3

.

- 8

. ey

n8

. 8

actuators,

Macs L muun

Fourg in

Foner
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The rotary actuator will rotate the digger about the shoulder pin
at a speed of 7.5 rev/min. It must deliver a teorgue of 15,000 Nm and

use 20 kw of power. These dimensions were obtained using an analysis
of the envelope of the diggers force analysis on the digger and the
force equations found in appendix (111). The digger will reguire 200
cubic centimeters of hydraulic fluid. The estimation of welight for the

hrydraulic system is 1500 N.  This includes actustors, g s hooses

cormsctions and Fluid.
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HEAT TRANSFER AND THERMAL CONTROL

The space radiater panel consists of an aluminum paviel with
foam backing and a piping system machined inte it. The parvel is
1 meter highs 1 Mﬁt&r wide, and 0.1 meters thick. (See Figure
Gufrn) A commector is welded into the entrarce and exit of the
panel to accomodate cormection to hydraulic lines. The el red
panel size needed to cool the arms alone is sufficiently small to
warrant the use of the hydraulic fluid to cool th@ entire
structure. The hydraulic fluid will be shut off from the S0 6

N
radiator during cold hours to maintain & temperature betwesn 477
Felvin and 219 Eelvin., The only heat input during mmld.pmrimm%
Will come from rumming the electric moetor and the Frydraulic pump.
Temperature loss in the fluid flowing in the pipes tharing cold
hours can reach temperatures below acceptable levels if the arms

are not insulated from the cold. (See Filgure 4.8.)

Twe slider crank mechanisms will be used to position the
panal away from the digger arm. Each arm will be O.im 2 O.lm. The
crank arm is 0.5 meters long and the follower arm s 1.2% metere
Long. An HP cantilever beam program was used to sire these
Vinkages. The follower arm will have a brace at its end that will
hold the arms together in their fully extended position. The arms
have been designed to take the full leoad of the apace vadiator
pangls 443 Ny and are placed slightly below the panel’s center of
gravitys. 0.01 mmtwrﬁg_iﬁ order to learn the panel slightly towards
the ground without the influence of the steel wire. A stesl wire

attached to an electric motor will be attached to the top middle

10
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of the space radiator panel in order to tilt the panel in any
desived direction and to 1ift the panel in order to start
retracting the panel. This design can be extended and retracted

manutally under the conditicorn that the mobtor fails.

Iv analyzing the heat transfer. the following assumptions
ware mades temperature of the hydraulic fluid is 470 K3 pravel is

heated to 470 Ki B5Y% efficient hydraulic pump s 822 watts of heat

from the electric motord emissivity = 0,83 absorphivity = 0,83

~

temperature of deep space = 210 Ki arms are coated to achieve
the stated emissivity and absorptivity of the space radiatori and

470 K accounts for all heat inputs inteo the fluid.

11
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INTERFACE PIN CONNECTION

The digger was designed so that it can be attached to the under
gide of Bkitter-the tripod construction base of the lunar
arthropod walker. The commection betwesrn the digger and skitber
ig achieved by an interlocking pin mechanism. Three ping will he
welded to the digger. The diameter of the intercommecting pin is
19 mm. Titanium alloy (ASBTM), Grade % with tensile atrength of
P00 Mpa and a yvield strength of 830 Mpa was chosen for ouwr design
material. This cheoice is the best because it has high shtrength,

low cost: low density, good mechanical properbties, and low

which are all desivable in our desigr.

The actual dimensions were abtained using the following eguations

ard  figuredéd.

B

LakbkokdEeS e {13

(FaT=8a/4 (&)

The result from eguation (1) using geomtric stress-concentration

factor of 4 with D/d=2 and r/d=1.%, infirte life. ool

fimished, 99% reliability. ang safety factor of 3 is BEMpa. (Ree

12
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apperdix 6.) The diameter of the cormecting pin was found to be
greaster than or egual to 1%mm using eguation (2 and figurwé*lg
ard results from equation (1). We therefore chose 1%mm diameter

for the comecting pin.

13
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JOINTS

The joints of the digger mechanism are pin joints. Force
analysis are done on the members to find the maximum leoads that
are imposed upon the jeints.  The pin sizes are then apacifisd
with the ability to withstand these maximum mhemt loads which ave
2% kN for impact leading: and W55 kN for static Joading. An

example of this caloculation is shown in appendir 7.

The 5% om radius pins mad@ cut of 183V-110r-301 Titanium
Alloy are used at the comnections between the shoulder and the
uppar arms at the elbow of the upper and lower armss and alsce at
the comection of the lower arm and the end effector. A .96 cm
radius pin made of the same Titanium Alloy is adopbed for the use

of comecting the hydraulic actuators te the frame of the digoer .,

The Fiberglide self-lubricating beavings oited by last
gquarter’s report seems to be a good choice for the moon’®s
envivronmernt. With its lead-carvying capacity listed wp boe Y000
EN per square meter. it more than satisfies our ragquiremsnt of
000 BN per sguare meter on the pin. (See Oppendix 7). It also

has & low coefficient of friction and high wear resistance which

14
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wWwill help in extending the life of the pins compare to use of

normal bearivgs.

The CIS and LTD type bearings are used in our design in
the following méthmds By cutting a key-slot for the pin and the
casing of the cutside arms, when a key is inserted. the iy owill
e vigid with the ocuter arm. On the other arm. a CJIS type bearing
e iﬁé@rtﬁd to the arm®s pin hole, this will allow the arm to
rotate about the pin with ease. Twoe LTD tvpe beariﬁgﬁ ar e
incorporated in the joints so that the arm will neot have contact

with each other. {(Hee Filgure 7-8).,

15
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EQWER SUPFLY

The power scwrce will be hydrogen/ousygen fuel cells. One

important characteristic of the fuel cell is thats unlike

oxidant sowrces. The fuel cells can alsc bhe constructed

modularly for ease of service or replacement.

The fuel cells of the Space Shuttle Orbiters were used as a
design  guide since they are the most recent models actually
tested, With an energy density of nlﬁ kW/kge the digger fuel
cells will have a mass of 90 Egu It will have dimensions of 8% om
high = 38 om wide » 100 cm long. The powsr supply is 7 kW
average load, and 12 kW peak leoad. Fuel consumpbion is S0 kg of

HE and 02 each 24 howr day. It can be serviced every 3 davea and

16
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The control system is primarily concerned with the motion of
the linear actuators. V@lqcityg displacemsnt, and external rolse
are fed back by a clossd-loops f@edéamk system coentrolled by a
computer. (See Figure 4.) There will be one rotary actuator as
well,

A basic cutline for the rotary contreol ﬁyﬁtam can bhe
explained below., The single chip microcompuber is used to
analyze the input/output leop. To feedback the ctbputy &
tachometer measwres the speed, and & position senscor measures the
isplacement. The pmtﬁﬁtiummtér is used to find the position by
the different veltages induced by the variable resistor.

7
alternative davimeﬁn‘ Freviocusly, the tachometer is used to
measure the rotary mobion.  Howevers gears that convert liﬁmﬂr e
rotary motion may freeze, eliminating the possibility of using
the tachometer for livnear actuators. & LVDT can measure
displacement with an accwracy of 01%, but the LVDT will not last
cr work on the moon. The sclution to this problem can be solved
by measuring the flow rate inte the hydraulic cylinders, By
dividing the flow rate of the hydraulic Fluid bry the
cross-sectional areas the velocity of the actuator can be
chitained. A set flow rate can also be calowlated to determine the
aspeed needed. U%iﬁgvnuMQrical methods to integrate the flow rate
will inm the velume of the fluid in the cylinders. Dividing

this volume by the cross-sectional area will give the prosition.

17



571

¥ AANDI

5/1

M

Jojenjay

S / Iy + dy

[043u03 (Ig Jutop

B



IENGETEC 5J078M13e

/9

" Jado-a7a)
| 1183
{odqun3 [osuas ey J0100
| [ ! |
[0.3U03 o7ped paads | “Jamod

o 10d.IN0D




The total weight of the system taken from each previous

saction is listed below. The weights are in earth newbons.

HYDRALL.ICS -~ 1800 N

END EFFECTOR

1400 N

2 BLCKEETS

H

1100 N
FUEL CELL ~ 900 N

INTERFACE FLATE -~ 710 N
RADIATOR -~ 440 N

UFFER AND LOWER ARMS - 185 N
MOTOR -~ 75 N

BHOULDER -~ 70 N
miﬁéﬁkkﬁmﬂgyﬁwm 4E9.N

TOTAL ESTIMATED WEIGHT -~ 4800 N (1500 LES)

NMOTE: THE MISCELLANEDUS WEIGHT INCLUDES SUCH OBJECTS AS

INGULATION, CONTROLS, WIRING, PINS, AND JOINTS.

20




LONCLUSION

The performance objectives of the Lunar Digger have been
closely met in this report. The reqguired fuel cell. mecbo
jeintsy and interface pin ﬁoﬁﬁe&timn are specifled. The design
of the radiator shows promise in transferring heats but problems
in thw freesing of the fluid still sxist. Al though previocus
reports analyveed the hydraulia sysbam and structure of the Luvar
Digger, we still made improvements in the design. Examples of
improvements would be the structures stronger vesistance to
torsion o mements abowt the secondary axiss and the force
analysis on the hydraulic system during pecking.

The lack of analysis of thﬁ.h@at transtfer svelem was a
primary flaw iv previous reports, so our gesigrn of & heat
exhanger is immediately an improvement on the Lunar Digoer
Design. The end effecfmr was the primary foous of last quarter s
design group. so we accepted their recommendations and tried to

improve from there. No weight or speed in digging improvement is

chtained from this veport. but efficient power systems are

specified,

Z\




The Lunar Digger group of this guarter recommend that the
Lumar Digger project be made more specific in detail. The
project now seems bo reguire a repitition of research ared
analysis. Topilcs such as the radiator and the control syvaban
would provide plenty of work for one guarter. Owr group did not
do an in depth control analy%i%; gince we felt the need to repeat
all the analysis of previous reportsy with the exception of the
and-effector.

There still exists fla@% in the radiator ang hydvaulig
design. So further research must be done in these areas. The
Lunar Digger is by no means ready for the moors although the

design is capable of withstanding the moon®s environment.

27
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APPENDIX 1

STRUCTURE




HYDEAULIC FORCE ANALYSI

CrE o= AR - BRR - PeAsRECOS0)
A = 1.2, B o= L Sm ENTER O,

BINCCY/C = SIN(BI/B = SINE(AY/A

#2 ' ' 3
R R FAR T H*E - ok g S 8 = #COS(0)
Q * = 1 L] :B i 4 E‘ ? = " 5 m C

SBIN(C" ) /0 " =8IN(B" Y /B =8IN(A" )Y /A"

E7E wm YR e XE - RaYaX#COS(3)

Xom o7 me ¥ = % m

BINCD /E = GIN(YI/Y = SIN(X)/X

~
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%
BY BUMMING THE MOMENTS

Fio= (FrBIN(AI*¥R ~ Wi¥SIN(A) #B/2) /8INAT Y xR”

Fel = (FeBIN(A)Y*(E-RB) M.Hl%QIN(ﬁ)&(H/EwH”))XB”%QIN(C)

Wl = WEIGHT OF UFFER AFRM

UEEER ARM

F = (Wa®SIN(E)®A/E ~ FLeSIN(E ) %X) /X*GINIY)
FY = 0

FX o= = (FL12COB(R"I+F2008(Y ) + WEsCDB(R) + FR
WE = WEIGHT OF
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LROSE-GECTION

Qe THE 8

The cross-section of the arms should have a resistance to
moments arcund boeth axis.  Last guarter’s desion with rounded
ends does not handle moments around the sgcondary asis very well.

The secondary axis would be the one shown below.

The moment of inertia across last guaribers se

ondary axis
causes a normal stress 1.0 times greater than the rectangle
design. Therefore. the rectangle design is chosen to assure
torsion or bending across the secondary axis does not effect the

#YMNME .
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The caloulations for the stresses and moments of iviertia in

last gquarter’s cross-section are shown below.

LAST GUARTER CROBS-SECTION
I = BOR*TS3/18 + A%CSE) (P74 )% (D0 )
T = THICENESS = .0 m
B = BAGBE =L, 06 m

D = OUTER EDBE DIA, = .04 m

#

it
)
oo
=,

%
o’
)
s
13
U

2 CROSS-BECTION AREA =, QOO m
Co= CENTER TO EDGE DIST. =, O m

INMER EDGE DIA. =, 08 m

#

i

SIGMA = NORMAL STRESS FROM EENDING

= MOMENT=C/ZMOMENT OF INERTIA = MO/
AFFROXIMATE M = FORCE=L m = F {(Nm)
CALCULATING,

I o= 4.8 % 1077
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The rectangular cross-section calculations can be shown

below. The results show a better resistance to the mement .

RECTANGUL AR CROSS-SECTION

]

HeRe3/18 - b 3718

2] A7 m

i
33
it

OUTER BASE

H MHE TEHT 14 m

it
i

o
f

THNEFR BRABE =, 06 m

INNER HEIGHT 13 m

#

g
i

BSIGMA = NORMAL STRESS = MC/I

CALEULATING
I o= 1. Be10"6

SLIEMA = 19, 000%F

THEREFORE s THE SECONDARY AXIS OF THE RECTAMBULAR MEMEER I8
BTRONGER THAN THE SECONDARY AXIS OF LAST QUARTER'S DESIGN.

THEREFORE s THE "TORSBIONAL LOAD" CAN BE BETTER WITHSTOOD.

3%



CEMERESSION

Local buckling may ocour at bhe high leaded cross-sections.

This point is at.the hydraulic intersection of the members.

Local compressicon in aluminum plates can be used to approsimate
the compression of the cross-sectior. This will give the length
of the joint cormection needed to spraad the force cout to protect

against lecal buckling.

The equations used for the reguired dimensions are shown
below.  The informaticon is taken from Aluminum_ Alloy Structures.

by Federico M. Mazzeolani. The plastic region is taken to be the

rangs Tor the member calculations.

RAE = (P (R~ 5 /7 (L8 (L -V D) B IHMA)Y . 5
LET 8I6MA = YEILD STRENGTH = 390/8FLATES = 185N/m™p
o= WIDTH OF PLATE
T THICKNESS OF FLATE
FI = 3.14
Foo= ENDURANCE LIMIT
Vo= POISSON"S RATIO

o= MODULUS OF ELASTICITY

29



USING FIGURE 7.109 IN ALUMINUM ALLOY STRUCTURES. THE b/t RATIO

CAN BE FOUND .

Bt = 10 FOR THE SIGMA OF 185 N/m™P

o= L0l m

THEREFORE, b = ,01%12 = ¢

i

o
“V
=
i

Fig. 73109 Malues of B2 o
Foee bk .
80 31 .8 ' 18,3 iy . B
105 oL 14,7 45,0
140 B L 13.0 a9 L8
200 PO 11.6 I
P40 17 .6 10.82 Bl.82
1405 e300 sevte snton saste ram ssere seeke sove bovme ...,.?. “...E.S e 4s000 axese autve asara 22sss soets 4rese ssone arese soeen hike <ier <Fhen Shtn s0se0 arome
¥note: Figure 7.109 is taken from Aluminum Alloy Structures by

FeM.Mazrolanmi 198%)




BHEAR

Most of the shesr takes place at the compression analvels
abrove .

If one wants a simple idea of the shear at the previous

cross-section, an estimate of the maximum shear stress must be
wabimated.

o
'.-

If a safety factor of 3 is used the calculations can

e shown below.

TH = MAXIMUM SHEAR STRESS = YIELD 8T. /8N

(AR0% 106 N/m™82) /243 = &5%10%6 N/m™P

T o= V/CROSE-BECTION = 2BRN/ (8%, 01, 7+1.,4))

H

HrIOE N/m™@

TM B T

A



AFPFENDIX 2

FOWER SYSTEM COMPARISON



1. LANMEARTSON

ELECTRIC MOTOR

NAGA. has used the samarium-—cobalt. permangrt-magret.
brushless do moetor on the Space Shuttle Orbiter. Delco
Electronics desigred, fabricated. and tested the motor to suit

MASA™s constraints, which are the same as ours,

The samarium-cobalt reduces métor weight and increasses the
efficiency. The motor is rated at 17 horsepower and can be
cooled by fluid through the stator windings. The efficiency is
rated from 894 to 989% depending on the lead applied, and the
endurance is estimated at % years. This means that the motor
needs to be replaced only once during the ten yvears 1ife

expectancy of the digger.

ACTUATOR BYSTEM

The decisicon for an actustor svetem was difficult bto make.
Electromechanics is becoming more efficient with cuwrrent
te&hﬁolmgyﬁ but hydraulics are still popular in lunar lesigr.

The primary benefit of electromechanics is the fact that
e Fludd ds dinvolved.  The "pros" and "cons” of each syabem can
bhe listed in tabular fmrm,\ (Bee Figure ). Hince the hydrauwlics

are more adaptable to the Moorns a hydraulic actuator system is

chosen for the digger.
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ACTUATOR COMPARTISON

ELECTROMECHANICAL. ..

Hiﬁﬁﬁw&igmmmwWWWW»MWMMMMWWWWMMWM B
+EAGTLY GGNTH&LLEﬁ +EQSILY‘CGNTHGLhED

~LEARAGE OF FLUID N0 FLUID

FINBTANT BRAKING ' ~DYNAMIL BRARETING

~FOSBEIBLE FLUID FREEZE +NO FLUTD

~WEAR AND DUST . ~WEAR AND DUSBT

HROWER/ZWETGEHT RATIO =173 HYDRAULIC RATIO
+CONSTQ&T SPEED V5. TORBUE - ~DECREASTNG TORGUE WITH SFEED

HHIGH EFFICIENCY (98%) ~EFFICIENECY (70%)

~EQEBIBLE FRE

INQ GESRS INVOLVED ANG. OE.GEARS

+ PRO

= GON

FIGURE 2



APPENDIX 3

HYDRAUL.ICS



H

Hydraulic actuators will provide the necessary forces to power
the Lunar Digger. The digger reguives a total of eight actuators: one
rotary and seven linear. The location of the actuators are shown in

Figure (I1I-1). These actuators consist of:

I-a rotary actuator to pivet the digger armund»thalﬁhmuld@r pin

B-twe linear actuators in parallel cormecting the shouwlder to the
LpReT  arm

A-a linear actuator comecting the upper arm to the lower arm

4-g linear actuabor amnﬁ@ctiﬁg\th@ end effector to the lower arm

dea linear actuator which will pivet one bucket arm about the end
effector

b-a linear actuator to pivet esach bucket

A schematic diagram of the hydrauwlic system of the Lunar Digger
ie shown in figure (I11-2). Low pressure hydraulic fluid is stored
in a fluid reserveiv. A bydraulic pump will take the fluid from the
reservelrs through a Filter, and pressurize 1t to 24,000 kPFa. The
fluwid is firet ﬁmmpad through a system pressure relief valve. This
valve is used as a safety precawtion. If the system pressure exceesds

a speclified pressures for example hitting a rock while peckings the




Figure -1,

Location of actuators
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relief valve will send the pr@%ﬁuviz@d Fluid back to the re

IRV Wi i

The pressurized fluild is stored in an accumulator until fluid‘i%
needed to activate an aatuétmru thh a force is needed the selector
valve is switched to allow fFluid to flow to the side of fh@ actuator
which requires the pressurized fluid. The fFluid from th%yﬁﬁpﬁﬁiﬁ@
side of the actuator is forced out of the cylinder. thrmugh'thm
selector valves and draiﬁmd‘tm the fluid reservoir. The pressurized
fluid acting against the the piston causes the fmrg@ required by the

actuatoyr.

The first step in dat@rmiﬁimé the particular componsnts needed
to power the Lunar Digger is to caloculate the necessary forces
requiréd of the aatuat&wﬁu The mastimam 1ifting forces of the shoulder
to arm actuators and the upper arm to lowsr arm actuator occurs when
the arm is holding twoe Full buckets out horizontally. The moon weight
of btwe full buckets of soil is 188& Ms and the welight of the ernd
gffector and the twe buckets is 500 N, Using this information alang
with the weights of the upper and lower arms, which are 2B N and 12 N
respectfullys static force analysis determines that the arm te arm

actuator must deliver a force of 3%,000 N and each of the showlder bo

upper arm actuators must deliver a force of 7900 N,

49




T e ad i L AN LA e A M 0 B M2

SO R LS B O AR B A B8 TR T SR A B L 0

In order to effectively choose the correct size actuators, we

wrote a computer program which would caloulate

etending  and

retracting forces depending on several system pressures. rarvging from

FOO0 kFa to 41,000 kFa. The force delivered by the actuator also

depends on the area on which the pressure is actingi therefore, the

progran alse calculates forces of any desived bore diameters. The

program alsce calculates the power reguired to move an actuator at a

given velocity. The power will be necessary in order to choose a

motor for the system. The equations used in the PYrogyvam are as

follows:

...,
=
it
Yo
-

F =P E S GIIT e (DY /4 (1)

S = pressure x PL oo (D -3 Y/ 4

Cylinder Flow Rate= 2,117

e
4

e
Py
il
po)
o
=

velooity

H
poy
i
5
i
[
bl
i

pressure /S 1714
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From the computer generated results, which are shown in table
(IX1-10s we chose a system pressure of 24,000 LPa. At this

pressures the arm to arm force of 35,000 N can be achieved with an
actuator with a bore diameter of % om. At a cylinder velocity of .8
meters per second. this actuator will consume pomer egqual to 7.9 kw.
The twe actuators in parallel from the shoulder ta.thm upper arms
which require & force of 7900 N, can be achieved oy using an
actuator with a bore diameter of 2.5 cm. At the same oyl inder
velocity, these actuators will use P kw of power sach. The actuatbor
which commects the end effector ﬁm the lower arm r@quifeﬁ a bove
diameter of 2.5 cm and & rod diameter of 1.3 cm. This actuateor will
produce a net extending force of 18,000 N and retracting force of
PL000 N, The minimum aﬁd HE 3 midm 1@ngkh% of this actuator are 789 and
Lo my vespectively. The bore diameter and rod diameter of the
actuator which pivots one of the buckets about the end effector are
also 2.5 and 1.3 omy respectively. The minimum length of this
actuator is .5 m oand the madximum length iz 1 meter. The twe actuators
which control the bucket have a bore diameter of 3.8 cm and a ved
ciameter of 1.9 cm. They will bhave a minimum length of 7% m and &
maximum length of 1.% m. Each will deliver 4.8 lkw of power . The

rotary actuator. which rotates at a speed of 7.5 rev/min. must

10. kw. The calculations are shown in figure (I1I-3). The Asea
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S0TLIATOR
Mira s

& & 3

RORE ' FROD BORE _ {
DIAMETER  DIAMETER FAREA MREA
{om ) Com ) (& o) (w0 om) {

£ 4000 & 5 a3 a0 1ad

CYLITMNDER FLAW F O EXTEMNDING RETRACTING
VELOCTTY THATE QuT FORCE FORCE
{m/e) (gal /min : Clevid (ki

e g

0.8 o

ACTUATOR

Mo, s

RO
AFE S DIF
fagp om)

BOHRE ROD
DIAMETER DIAMETER
fom) L)

e 12,

EE 000 5.0 2.5 AR

CYLINMDER FL.OW FOWER EXTEMDINMG RETRACTING
VELOCITY RaTE QT FORCE FORCE
(msls) tgallmivm Chiwd {lav1) (ki

D g5 fu 47

TaBle T-1a
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ACTLATOR

Mo, s

b}

BRORE - ROD BCIFE FHOD
DIAMETER  DISMETER AFEA AR ER R
{om) {om) (sa om) Ceep om) ) ﬁm)

A O, .S 1ad . Lea K

YL INDER FLOW FOWER
VELOCTTY FRATE N
{m/ ) fgal/mir) {hwd

Qi o, P .9 e Ed

ACTUATOR

Mo, s

BORE RO
DIGMETER  DIAMETER
(i) {om)

ROD
AREN oI
(wop om)

2000 &5 1.3 Haul A

YL INDER 1.0 FOWER
VELDCTTY FeTE QLT
{m tgal/min {low )

(IR i, 1.9

TBLE TL-1b
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ALTUATOR
MNea g
7R B

BYHTEM BORE ROn
FRESSURE  DIAMETER DIAMETER
(kFa) (om) {om)

B4 00 3.8 La9 114 .Y

CYL INDER FLOW - FOWER EXTENDING FETRACTING
VELOCITY RATE auT FORCE FORCE
{mss) {gal/min) Chiw Clovnd (k)

0.8 2.8 4w 26 21

TABLE T-1e



HORSEEOWER AND._ TORBUE REQUIREMENTS.

QE_THE ROTORY ACTUATOR

o= (AD s/min) % (lrev/Bs) = 7.5 vev/min
Reguired torgue = (Bm)#(S000 M) = 15,000 Mm
Torogue = (15,000 Nmy*(lin/8.%acm) (100cm/m) (11h/5N)

= @0, 000 inlb
Nows the horsepower is
hp o= /63085
=oLLR0,000 inlbk) (7.8 rev/min /HB085

= 4.1 hp

Cla.1 hp) Co7hw/hp) = 2O kw

(The power delivered by the electric motor is 2% kw)

Figtivre 1711-3
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Hagglunds Lid corporation manufactures a hydraulic drive of this sort
with an efficiency of 94 %. See figure (I11-4). Usting the oylinder
velumes caloculated from the actuator dimensions aboves the digger
will regquire EQ6 mﬁhim centimeters of hydrawlic fluid. Thﬁ.bﬁﬁt
hydrawlic fluid we found was ayﬁthmtiaAhaﬁ@d fluids manufactured by
Royal Lubricants Company. 8See figure (I1I1-%). The temperature range
for this fluid is from ~50 to 200 degress Celcius: while the obher

fluids that we researched ranged from ~10 to 100 degreess Celoius.

-

56



A kol 2 5 2 arise 3]

LEGTRIC VERSUS HYDRAULIC DRIVES

* To many engineers who need . R ] i
controllabie power sources, it seems only . . :
Section shows pistons
\ at extreme positions

rgatural ’to lloo,k at electric drives. .
ertainly electric motor and controller : o
design has gone through huge leaps in Ca”ﬁ ring and
technology over the past few years.: _stationary
Set against such a background one - housing
might question the reasoning behind ‘
developing a new hydraulic drive system
billed as ‘the hydraulic revolution’.

However, when one considers that at the Rotating . .. Piston, cam roller
high%st power levels electric varihable cylinder . - and bearing
speed drives require more than three N

times as much space than a hydraulic - block and 7 assembly

“hollow -

motor—or, put another way, for the same’
weight can deliver perhaps only a third fo
half of the power—a strong case can be
made for hydraulics. S

ASEA Hagglunds have identified the
need for durable motors with low-
maintenance, soft start, high torque, low
speed characteristics, and supplied as
part of an‘integrated drive system. In
fact, such a system stands to gain from
developments in electronic motor control
which allows pump motor speeds to be
easily-varied under direct electronic
control.
" With this in mind, we have developed
the most compact and powerful direct
drive hydraulic motor yet. Called the"
Marathon range, our designers have .
found a way of turning a hydraulic motor
‘iPside out’ by using a unique distributor
‘plate. T

With up to 160 poweristrokes per
revolution uniform torque output is
guaranteed. And the novel distributor
design allows forward, reverse or

gscillation motilon frlom the shaft. oil path

osition control is also possible, outlet port L

allowing the unit to operate as a giant g\iddenri)n Distributor

hydraulic stepper motor. it .
Exact speed control {via a variable this view)

speed pump) enables the motor to-be
matched to the drive line characteristics.
For example, where torque is |
proportional to the square of the speed,
* as in most processes requiring stirring, : Lo
agitating or pumping. The distributor’ ,. - .
i ) This vital assembly allows pressurised oil to access and exit from
individual pistons in the correct sequence. The design must ensure

Outputpower (kW) Overall efficiency of motor that the motor can be started from any. position, that leakage
- o828 between inlet and outlet ports to each cylinder is minimised, and that

140 QS parts remain lubricated to prevent wear.

5 { g The illustration shows.the components of the distributor—
8 12_0'\ . b essentially of a face-plate design where the face of a rotating
% 100} 2 component moves past that of a stationary one ‘opening’ and

- £ » - ‘closing’ the ports. :
£ 80r\ . g The exact details of the design have to remain secret—patents are
§ sok + g pending—however, we can reveal that it does not require seals, that
S = g leakage between inlet and outlet ports is prevented, and that leakage
5 -40p b (used for lubrication of the parts)is controlled in quantity and
% 20l o i direction. : ‘ .
o . féverau-emgiency% 3 This technology coqtributes largely to the over_alll efficiency of the

-0 15303530 motor, which as our diagram shows, is in the region of 95 per cent.

AS EA [HAGELUNDS

FJGU RE ’ﬂL -4 57 Enter 7 on reader service card

9

. Asea Hagglunds Ltd

Wakefield 41, Wakefiefd, West Yorkshire WF2 OXE
Telephone: 0924 826021 Telex: 557262 Telefax: 0924 826146

Design Engineering August 1986
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.(",hydraulie fluld of low vola-,,_,
ty;- temperature characterlstics.ﬁ,

"ROYCO 846 is a symthetic base hydraulic fluid and may ad;-e-
versely affect eertaln palnts and elastomers. ~ Only those

y studies proves a product to be satlsfactory Royco 846 is not com-
with castor oil base (MIL-H-7644) or petroleum base (MIL-H-5606) hy-
flaids. Contamination with fluids of this type will substantially
its service life. "ROYCO 846 should be kept in an inert atmosphere
”ld ‘be thoroughly proteeted aga;ﬁﬁt m01sture. ‘ , o

~ ROYCO 846 is available in quart and gallon cans, and 5-galion
, . and 55-galidon drums. ROY% MICRONIC 8u46 is available in quart
’llonfeans and SS-gallon-drums. ce particulate contamlnatlon levels)

ROYCO 8“6 meets all reqplrements and is a quallfled prod—
\ﬁgt under MIL-H-8U46B.

PROPERTIES

o4

, Regulrements"t Typical
-~ 2.5 min, : 2.7 B
210°F report - 7.9
- 100°F report 24
-65°F 2500 max. - 2400
. 5.0 max, ; 2.6
of. 700 min. - ~ 815
C.. . 7.°395 min. ©. 400
oo =75 max, . . K=75
‘ 0.2 max, ' - 0.05
0.0 max., - ‘Nil
Non-hazardous Pass

Clear, no sediment  Light red-brown,pass

rQuRe T Fa



ppa; ,w »chan, d.m;;/cm
- Color, ‘\s-m
:ld Nmber Incvease mg . KOH/gm.

. - water ‘layer 0.5 max. . S
- ofl %ayer 0.5 max. +0.08 i
Viscdsity, change at 210°T,,% +20 1 S g
e - Insolubles, %. 0.5 max. 0.1 e
4 Oxidation and Corrosion Stal. guoo°r 72 hrs. , ‘ s
.- Corrosion, wt.change, mg/cm B o L e e e -
: “Silver. 40,2 Cooooe0,02 0 o I
‘ N Steel , & 0.2 ‘ 0.00 ‘ ‘ : i
. Copper. - +0.4 ' © +0,02
Appearance of Metals ‘No pits, etching, . g
corrosion Pass i
Oxidation ’ - .
Viscosity change at 210°F, % +35 -2l
Acid Number change, mg. KOH/gm : 1.0 max. : +0,35
Appearance. NO gum or 1nsolubles Pass
Swelling of Synthetic Rubber nge ‘
at 250°F, % 15-25 18
Storage Stab 1 yr. .at room temp. "~ No separation Pass
Low Temp.Stability @L65°F for 72 hrs No gel, crystals
) or solid Pass
Foaming at 200°F. , o
Total Volume of Foam, ml. » 60C max. 520
: Collapse’ Time, minutes, o 10 max. -7
‘ ~ ‘Shear Stability, 5,000 cycles at 27S°F Pass Pass
/" Wear Properties, 3,000 pei at 275°F for
- 200 hrs. Report - Pass
Compatibility with all fluids on QPL-BQHG Pass Pass
i
» TYPICAL PHYSICAL PROPERTIBS
3.
Ly ’ ’ Speeiflc Heat, Thermal Conduct1v1ty, ,
- Temperature, °F. BTU/LB/CF. BIU/sq. ft/hr/OF/ft g QWZK
o 0 - - 0 950
100 " 0,48 0.085 0.911
200 0.52 0.082 -
300 0.56 0.077 0.835 , » _
400 0.66 0.057 0.782. . o '
B o Bulk Modulus, Acoustic B ' '
Temperature, 'F. Pressure, PSI Bulk Modulus, PSI
- "100 ‘ SR . 0 - 170,000
- - 1000 182,000
3000 205,000
_ 5000 225,000 .
250 .0 100,000
1000 113,000
) 3000 122,000
Y, 5000 155,000
400 o . 60,000
1000 74,000
3000 100,000
. 5000 125,000

PARTICULATE CONTAMINATION LEVELS.

‘ ROYCO Micronic 846
‘Quarts and Gallons, Drums, 55 gals,

*Papticulate Contamination
. Level, Particle Siae.

Nlcgons ROYCO 5“6 Maximum. - Maximum

5 - 15 - 4,000 10,000

15 -2 Not - 400 4,000

| 25 - 50 Defined 200 1,000

Y s0-200 B 25 50
| 100+ | 5 15

:vyteuhte connm.lmt:lon dctemincn by method ARP598.



gxco 820X

St T DI SILOXANE BASE
| | ATRCRAFT HYDRAULIC FLUID

‘VDBSCRIPTION: ROYCO BZOX is a disiloxane base (synthetic) hydraulic fluid

‘having good viscosity temperature characteristics co pled
with extreme low volatility. This fluid is brownish-red in color and ‘co

tains additives to impart re51stance to ox1datlon, corrosion and hyﬂrolysls.

. ROYCO 820X is shear stable.

USES. ROYCO 820X is intended for use in newly designed alrg;aft and mis-

315e hydraulic systems where temgeratures will be encountered ex-
ceeding 350 F, but whers operation at =65°F is still required. Its use as
a heat transfer media is suggested.

LIMITATIONS' ROYCO 820X is a synthetic base fluid and may adversely af-
—+fect paint and rubber. This material is intended for those

hydraulle systems deszgned for MLO 8200 fluids, its use in other systems

should not be consmdered unless proven satisfactory by performance tests.

PACKAGING' ~ ROYCO 820X is available in 5 gallon and 55 gallon drums

g SPECIPICATION: ROYCO 820X meets all requlrements as established by the

experlmental MLO 8200 formulation.

TYPICAL PHYSICAL PROPERTIES

V180031ty Centistokes a

_ QOOQF - : 3.7
210°F R 1.1
100°F - 32
-65°F . . o 2400
| Pou¥ Poﬁnt | - Below -100°F
. Low Temp Sta 1llty (72 hrs. @LBSOT) Clnar Liquid no haze or crystals

~.Aeid Number . 0. O%

Flash Point _ uzo F
+Five Point 470°F

 Vapor- Pressure, ij00°F ; R " 1.0 omm Hg

Autogenous Ignition ‘ . 750°F min.

ub well(S Rubber) 70 hrs.@250°F ' 7.0 %
: '* (26C Rubber) 148 hrs.@00°F 10%
Hyd_olytie Stability (48 hrs. OZOOOT) ,
Wt.Change copper mg/sq.cm. ' <0.02 o
ppexr Appearance - _ Slight dulling
da umber change 0il Layer ' S 0.08
' Hp0 Layer R - 0002
Vise: ity change @ 210°r | . : +1.89% .

0.05%

}’IGURC ﬂI ’5¢

‘N’EW‘JERSEY 07936 ' 201-887-3100 (NJ) o 212.227. 0555 (NY)




Foaming - Total Volume Fodm
Collapse Time . .
* Storage Stability - 1 year
-Oxidation - Corrosion Stability(72 hr.@400°F)
- Corrosion, Wt. Change mg/sq.cm Appearance
i - Sllver :
L Steel .
. Aluminum
i Copper
: Oxidation o
- Viscosity Change @ 210 F
Acid Number Change e
Insolublbs .
Dansity @  -65°F .
@ uoo°r
-Specific Heat (BTU/lb/ F)
, @ o°r
@ 100°F
@ 200°F
@ 300°F . .

. @ 400°F | _—
Compressibillty (iﬁ}lb.) 77°F, 300 psig
Shear Stability o :

- Pump Lubricating

. 761

Fléure -

450 ml

3-3/4 min.
Stable

-0.04 Bright, Passes
-0.02 Staining, Passes
Nil Staining, Passes

.Nil Stalnlng, Passes

-1a%

0.4

None -

0.993 “\

0.783

0.407
0.u21

~0.u433

0.u456
(0.478
5.2x10-6
Satisfactory
Satisfactory

5d




APPENDIY 4

Heat Transfer




APPENDIX 4

HEAT TRONSFER CALC

L1ONS

Heat input into th@'digg@# mechanlem was assumed to be from
solar vadiation and the heat cutput from the eslectric motor and
the hydranlic pump due to ivherent inefficiencies. The heat Flux
from the electric motor was specified at BP9 watts. The wasthe
heat Flux from the hydraulic system was calcocuwlated to be 1343
watts. (8 = 18 hp » 746 » 15 - 1343).  The heat flux expelled by
the radiator ds & black body radiation problems thgrafﬁrep [
Altsigma) (epsilom) (Temp. of AL™4 -~ Temp. of space™4). The values
for these quamtiti&ﬁAarmz sigma = H.6697e-8 W/ e 82 K 43 epsilon =
LRI and temperature of deep space = 210 K. This information was

plugged into Lotus to produce a graph comparing the temperature

of the space radiator to the area needed to dissipate excess
heat. (See Figure 4.1.) The temperature of the hydrauwlic fluid
was analyzed wsing the lamivar flow forced convection eguation:
Tw = Th = (11/48) (gD/K). This equation was plugged into Lotus to
analyze changes in fluid temperature as a result of changing wall
temperatures, Tw, and heat fluxs: g. The bulk temperature. Ths: is
the temperature in a pipe experiencing uniform heat flux after
the Fluid and twmparaﬁurm profiles of the fluid bave stabilized.

the need for

(Bee Filguwres 4.2-%9.) Figure 4.0 demonstrates

insuwlation coating. The hydraulic fluid would otherwise

&3




pericd. Figure 4.8 reinforces this fact by showing that a greater
cutput than input of heat cccurs during the cold pericd. As the
temparature incresses the difference betwesn heat lost and gaired
increases in an élmmﬁt eaporential fashion, (Figure 4.4), until
reaching & point where flu;d temperature decreasss with

increasing arm temperature. (8se Figure 4.%.)

The use of waste heat to produce power was considered to be
a viable means of producing mearn Dy . Shelton menticoned using a
Brayton steam cycle to convert excess heat to power. Waste heat
can also be chameled into a fuél cell. The problem with using
waste heat is that tﬁm space radiator panel would have to be
considerably larger in order to expell waste heat. 0O Bravton
steam cycle would alse ccoupy considerable space and welght and
could be only used during davtime. The waste heat will he used to
maintain the fluid>tmmmmratur& cver 210 Felvin during the cold
pericds. The piping system for the digger mechanism circulates
heat uniformly to both sides of each arm thereby maintaining a

relatively uniform arm temperature.
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OLTERNATE POSITIONING MECHANISHMES

Gase 1 wses a crank-follower type mechanism to rotate the prarel
from bensath hh@‘wmlkﬁr too & position to its side. (See Figure
“aba) Case B uses a scissors mechanism to extend the panel Wp the
middle to the cuteide of the walker. (Bee Figure 4.7.) Case |
uses an electric motor to move the each crank arm and to adjust
the steel wire which alters the tilt angle of the panel. In case
of failure of the steel wire, the linkages can withstand the
welght of the panel. This design also has the atdvantage of sasy
interchangeability with other panels and no risk of tamage to
walker i linkages break. Case 2 limite design to a certain
maximum size and can damage the walker if one of its Linkages
break. A more powerful pump would alse be reguired in order for
the fluid to be pumpéd upwards. This design is more cumpléﬁ anel
hMeavier tharn Case 1. ﬁa%@‘l was chosen for simplicitys:. sase of

maintenance and use, and safety.

NATE HEAT EXCHANGER

funt

Dther methods of extracting heat from the digger mechanism
wera considered. A solid adscorbent heat exchanger was dropped
from consideration when it waﬁ learned from Dr. Bhelton that a
heat souwrce and sink i% neaded for this heat exchanger to work.
The lack of a good thermal sink made conventional heat erehangers

inpractical. The only possible heat sink avallable. areent for

é’o’




deen spaces le the seil itself thmh is supposed tm e at 287 k.
Since the scll is a great insulators a r@lativmly low heat flow
rate is expected thereby not expelling much heat. Pm%itiumimg
this mechanism in a position that did not censtrain the moticon of
the digger arm.

. SRACE RADIATOR LINEAGES SIZING -

The cantilever beam programs Table 2, was used on the MHE
410 to evaluate forces at the endpoints and too o caloculate the
mastimum deflection of different sized members. Various values For
the moment at the fised end of the crank were used to optimize

the

it

length. The twe cantilever beans were designed to withstand
the full lead of the space radiators 443 Newtons. The steel wire
normally relieves part of this leoad while tilting the panel in
the desired dirmctimﬁ. The steel wire Lifts the parnel slightly to
unlock the brace holding the crank and follower together ahd
reels in to a pesition necessary to hold the panel in the desired

position.
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AREA (sq. meters)

SPACE RADIATOR

‘area vs. temp.
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Table 2

CANTILEVER BEAM FROGRAM

1 LEL CANT Bl % 101 %

B OEND ® - B 108 +

2.7 = ROL 03 - 103 &

4 PROMT il % 104 7/

BOHBTH 2 =EOTOL 03 : 10 ROL 10

& E? , TS 104 7

7 FROMTY : BYOTOL 07 107 Y= :

I - CEEKER 04 108 GO0TO D

9 FROMPT HO REOL 07 109 LBL B

10 = 60 3 - 110 ROL.- 06

11 8TD 10 b1 Y LY ER ou

18 a7 L * : 118 ROL 06

13 FROMPT 6B FS 7 op 118 2 :

14 STO D& b4 DLX 114 / ‘

C1m pe AR ETD 09 , 1S ROLO3
16 FROMPT C hé RUN 116 =

17 8T0 03 . L &7 ROL 01 ; 117 RCL 03
18 R 7 L8 4 118 %

19 FROMET & 7 119 ROL O3
20 BTO 07 ’ 7O CROL 07 180 % ‘

21 W7 ' 7L - 181 ROL 07
PEROPROMET 78 ROL 01 182 XER 04

PR BTO 04 TR 182 2 RDN
T T4 ROL 07 184 RCL Ol

25 PROMET TE KR 185 &
PHGTO 08 Tho 1.5 184 /

27 M 7 % 187 ROL 01
28 FROMPT e 108 &

P9 BTO 0% 79 ROL Ol 189 7

B0 LELE : B8O X@ 130 -

B3 X7 81 = 131 RCL O3
BEFROMPT I 88 ROL 09 180

33 BTO 00 a3 + 133 ROLO7Y
B4 BTOR L84 ROL 04 184 X g

35 LEL A 85 & 185 2

BbH ROL 06 BH * 186 /7

37 XEQ 04 87 ROL 01 137 +

38 LASTX 88 9 138 ROL 04

39 % 8y XLE Y 139 %

40 CHS Q0 FS P OR 140 #

41 3 . 91 0ol¥ 141 =

48 % DR 4 14R ROL 08
43 FaTOR 9E ROL 0% 143 XER 04
4é ) ' Qi % 144 RDN

4% ROL 01 9% REOL Ol 145 2

b ROL O& Db/ ; 146 ROL 05

a7 3 Q7 Y= 147 RCL 01
48 % 9H ROL 0% 148 A VIEW

49 - 99 % 149 STOF
=500OTEL 01 100 ROL 01 S 150 END
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In caleulating & digging speed, several assumptions were made.
Firet we assumed t@a differant verticle speeds. The speed at which the
digger dropped is W% m/s and the speed it 1ifted was .P% m/s. Mext we
assumned a rotation speed of 7.9% rev/min. We assumed that the bucket
emnptied the load 90 dﬁgraaﬁlfwmm the point where 1t was filled. The
bucket is working with a 1 m verticle 1ift. We allowed a time pre i o
of 2 & for digging and P s for urtloading. The volume of one bucket is

9 cubic meters. Therefores we have:s
Volume of one 13Ft = 8.5 = 1 cubic meter

= 45 deg/s
Timess
Drop = 1 m/.% m/s = P g
Lift = 1 m/.8% m/¢ = 4 s
Fotation = 2 swings (90 deg/swing /6% deg/s) = 4 g
Digging time = & s
Unloading time = & s

Total time = 14 & /cubic meter

Boo the digger digs at & rate of P60 cubic meters/hr. At this rate the

digger could dig & ditch 1 km long by 1 soauare meter in 4 howrs.

(4
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INTERFACE PIN COMNECTION
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AMALYSIS OF PIN COMNECTION

Fivets the'tmﬁailﬁ preload and the fluctuating ternsile load was
calculated, which was found to be 4%0 N and O to 7ROO My
respectively. Titanium alloy ABTM BEAS, Grade 5 (6% 61, 4%
vanadium) is used with tensile strength of 900 Mpa and a vield

strength of 830 Mpa. So.,
5= JHBut=.5 (200 Mpad= 450 Mpa

The diameter is designed for infinte lifes with geombric
stress-concentration factor of 4, safety factor of 3. o et

finished, and Wﬁ%vrmliahilityn

The following equations were used to calculate the minimum

diameter of the pin.

Se=kakblokdket e

Fa=,2 (ground finished)

B, 869 EIE-, 097=_,93 (,.3<d<10irm)
Fo=.87 (Reliability of 9%5%)

bodesl (TI=840 F)

bl Shfes] /e 25

These are all the necessary corrections. so that

79




Be=(.9) (.93 LB7) (L) (LES) (450 Mpa)=82 Mpa

l

Mext we determined the stresses in terms of thelr dimensions. The

stalbic stress is

(B=Fa/0=Fa/ (pi

N

L dTEY /4=880 kKpa

The stress rangs is

e
Py

U“mFr/QmFr/(pi a2y =14 Mpa
Thaﬂg
Om=8+Ta=880/d"8 Kpa + 7/d™8 Mpa=700 Mpa

Therefors.

T/ = . 89

Te relate the stresses and strengths: a fatigue diagram is

plotted. Nete that only the tensile side is reeded. The

intersection of the modified Goodman line with ancther Vine at s

to the stress Oa, and Sm is a strength corresponding toe the

stress (m,




For the safety factor of 3
a<=5a/3

From the fatiguwﬁdiagram
F/ATR=TR3 ‘, ol =1 Smm

We thervefore choose d=1%mm.

Bl



Fatigue Diagram
, ~ for |
Interface Pin Connection

\4;@'\

R T Y
Mean Stress o, (Mpa) '
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Figure 16-5 Tensile strength of titanium alloys at elevated temperatures
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450 THE SELECTION PROCESS

Fluoroelastomers
Silicones
Polyamide-imide
Fluoropolymers
Polylmlde
Polysulfone

Polyphenylene sulfide
Polyphenylene oxide
Nylons

Acetal
Polycarbonate
Cellulosics —=—%

Acrylics —
aABS—

Styrene acrylonitrile
Poiyesters

Epoxies

Polystyrene
Polypropylene
Polyethylene
Polyvinyl chloride

i K///// |

RN

%ﬁ‘ Figure 19-3 Comparative costs of engineering materials per pound. Plastics are in

\‘E Rhodium $3000/1b-

Muitiply by 2.2 to
get $/kg

Platinum $5700/1b
Gold $5500/ib
| $200.00~{ —+— Tantalum
Beryllium
—-$100.00—" Silver
L $50.00—
——$40.00— ‘
—$30.00~— - _—— Tungsten
——$20,00— _ i ~
: Tin -~
 ——$10.00— <+——Molybdenum
- <~——Cobalt
.$5.00 :
$4.00 <—— Nickel.
$3.0C. :
Magnesium . .
—$2.00 < Tool steels,
— Cogper alloys
__skgg__ . —Stainless steells ‘ ) i
f—60g— . . - .
50¢ - 2inc
——406—
o Lead
30¢ *———— Low alloy steels %
~<+———— Carbon steeis
20¢ f»
B
<+—— Cast irons “ \‘
10¢ : : . J

molding resin form; metals are in the form of mill products.




$20.00—
1§
~—$10,00—
-~ 3$5.00—
——84.00——
-—$3.00—
® ——$2.00—
——$1.00—
léluoropolymers - 50¢
©  Silicone \—\. —— 40g——
Polyamide-imide ————s N
, 30¢—
Polyimide ——— 20¢
Polysulfone — »
Polyphenylene suifide 10¢ -
Polyphenyiene oxide \— é
Polycarbonate \\- 7¢
Acetal — 6¢
Nylons — ¢
Cellulosics /_...’ 4
Acrylics - #
ABs 7
Phenolics /—’ 3¢
Polyester ;
Styrene acrylonitrile 2
¢
Epoxies /—.
Polyvinyi chloride/—.
Polystyrene /___ 1.5¢
Polypropylene/—"
Poiyethyiene

")_E Figure 19-4 Cost of some engineering materials per cubic inch

Divide by 16.4 to
.convert to $/cm?

SELECTION FACTORS 45, .

Platinum $4417/in3
Gold $3827/ind
Tantalum $122/fin3
Silver $45/in3
Beryllium

>

" et Molybdenum

< Tin ™
T ~—TTtanium -
* —~ Cobalt :

<——— Nickel

«—— Tool steels
<+——— Copper alloys

Stainless steel

- Magnesium
-—/ Zinc _

qumymw '
‘\ loy steels

Carbon steels

~<+————Cast irons

s
A




: —EK- Table 20-1 ; Fracture 'i’oughneSs of Variéus Engineetihg’ Materia'ls

CRITICAL Smsss IN'I'ENSITY FACTORS

“MATERIAL ‘ksivin MN mf’/z -
[ Pure ductile metals 90—320 : 4100—3;5,0 :
~(Cu, Ni, Ag, etc.) ' T
HY 130 steel ~ - 155 160, 170-175
Low-carbon steel 110-127 120-140
18% Ni maraging steels C . 75-100 75100
PH stainless steels 60-130 66-143
Metals { Titanium alloys —..  32-98. 35-108
- 4340 steel ' 40-86 44-78
- Medium-carbon steel 36-46- 40-50
| Aluminum alloys = 20-45.. ~22-50
- Gray cast iron 5-18 6-20
Cemented carbides 13-15 14-16
( Beryllium - 3-5 4
[ Glass-reinforced epoxy (RTP) 38-55 42-60
ABS 2.7-3.6 3-4
. Polypropylene, nylon 2.7 3
Plastics 4 High-density polyethylené 1.8 2
Polystyrene 1.8 2
| Polycarbonate 0.9-2.4 1-2.6
[ Aluminum oxide Al,O, 2.7-4.5 3-5
Silicon nitride Si;N, 3.6-4.5 4-5
Ceramics§ Silicon carbide SiN 2.7 3
Magnesium oxide MgQO 2.7 3
[ Soda lime glass 0.6-0.7 0.7-0.8
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Appendix [

Im choosing the size of the pivns for the diggers twe byp

of loading are considered. First, the impact leading is the
Oy @ ook and

raeverse the force back through the digger. Nexts there i a

gstatic load on the joivts due to the welght of the

digger helod at

& static eguilibrium position.

Tmpact Load

A n

Btrength = 490 kN/meter square

shional area of Do

1ol rewr i bten s -

v {0 AGVM/ATEPY L w

o bhe radive of

The Uitinate Ternsil Strength for Ti-18V-1100-341 in the

undasial direction

1 5 SR % SIS

158 R TR Thaerefore.s the manimum

SR

will be Malf of

way ahye

thiss which is &

' 90
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Btatic Load The eguation to Find the radive of the pin for

static loading will be the same as that of the impact loading.
The only difference is: instead of using the Ultimate ternsil

stengbhy we are using the vield strength of AR0,000 LEN/m"8,

g1
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Table B-10 Tensile Properties of Solution Treated and Aged 13V-11Cr-3Al Titanium

Alloy at Cryogenic Temperatures
A wpact” Sy Stific.

Temperature

oo
Ultimate
Strength
¢Fy ol siy

Yield Strength

0.2% Offset Elongation,

(k‘fs i') cire bakdoime 2-4n. (1) o

Modulus of

Elongation -
(P-éiijf X! 106) i

Weld
Strength

;&ksi%;ig;“

206.0 ST 5.5
. 197.2 .. - 184.3 % 7.0
70 195.2 . | o 18L.3s7 1.0,
199.5avg | ' 182.8 avg ¢ 6.5 avg

e s B s St R

143. 5\'f
145 9.”

144.4. ‘avg | o

218.
i 185.0 ... | : =
-320 201.0 - -- é ==t

=T
]
1
'
)
]
?

125.6

(95.7) 7
129.8

Jo127.7 avg

kl

[+

L]
—
o

4 <99~¥0-UT3 18y

oft 2n.on
. 81. 3
, RN I T : 88.3
w423 b e e B L C-TEY B T
R : 84.8. avg
¢ of 2:
*Failed through pinhole. -
" tFailed outside gage mark. o - - - -
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44C U0330 0 H-05-15

'SELF-LUBRICATING BEARINGS

' bearing material of woven Teflon®. (polytetraﬂuoroethylene

FVIBERGLlDE isa proprlexary self-lubracatmg Cold flow i€ 0 minimized by the effecnve entrapmentof.

nts) s\ interwoven :
is: predommantly

- r‘uv“pnbi
;<0-'o— R R

T8 P e hwk by eoms
L BN IAL N nt-mo-mo“bl

ISR AN I ORE I P U VI R Sy R
[ R o B AR RV X

Conslvuchon of lyp-cal FIBERGLIDE ° bommq Under the microscope. the béarng side Secondary and more readity bondat:te Libyer
“(1YPTFE fabnc . tshowing dark) of FIBERGLIDE ™ hiner presents CSROW I o™t e s inteews, e wth the PTEE
12} Adhasive bonding agen' ' mainty PTFE tibery as tustrated n tnis microphoto o the i

(3l Metal or molded phenolic backmg DEAING Sice

' Here are 15reasons why you should be using Flberghde Bearlngs instead of conventlonal

3a4°

lubricated types.
K Operauon without lubrication while tolerating many - 8 Elminates lretting corrosion
lubricaling and non- Iubncalmg fluids, 9 Operation at temperatures beyond the ranaes of
2. Highload-carrying capacity (up to 20.000 ps1) - most lubricants ( = 320 10 + :120F) ' '
3. Low coefficient of triction (down lo 0. O2y : 10 Highwear resistange
4. Freedora from stick-shp. 11 Inherent dampening quaithies
5 ~Absence of cold-flow tendencies of sohd and filed 12 Good dimensional stabiity
* PTFEresins : 13 Wide range of maling-materials aceepiiti o
6. Figh resistance to fatigue under shock loads 14 Electncatly non-conducting
7 Resistant lo altack by most substances 15 Nen-magnetic -

9s 95
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BEARI'NGS—OPERATING PARAMETERS |

Many factors affect the overall performance of
FIBERGLIDE * bearings. Those of primary concern include
applied load, surface velocity, operating mode, surface
temperature, mating surface finish and running clearance.
All performance values referred to in this section are based
ondry operatlon When running in a fluid atmosphere,
FIBERGLIDE * bearings may have reduced limitations
and performance. Where application requirements exceed

those shown, consult LSI/ Transport Dynamics engineering

department for specific recommendations.

Fiberglide " lined bearings are designed to be used
under oscillating motion, interrupted start-stop, or axial
motion. They are recommended where high loads are
combined with low surface speeds, rather than low Ioad
high RPM type application.

DESIGN CALCULATIONS (journals-oseillating motion)
Proj. Area (IN?) = SHAFT DIA MAX (OR NOM. 1.D:) X LENGTH

P PRESSURE (PSI) = LOAD (LBS) + Proj. Area

V. Velocity (FPM) = Shaft Dia Max x r 4 x Osc. Angleé® x CPM
12 x 360

Bearing Wear

As indicated above, bearing wear is alfected by many
factors. For the most part, tests conducted by Transport
Dynamics subject journal bearings to high (10,000 psi)
loads with the bearing fixed and the shaft oscillating. The
values shown in the chart on page 8 are representative of
the normal wear rate range that can be expected when
amplitude is- +45°, frequency is 10 CPM, and shaft
finish is 16 RMS under room temperature conditions.

ltwill be noted that a wear-in period takes place
during the first few thousand-cycles. During this period
some PTFE is transferred to the mating surface. In
addition, the fibers are generally reoriented. the high spots
of the weave are fiattened and adjacent fibers tend o blend
‘together. After the break-in period. the bearing surtace
will become smooth and shiny.

Because of the many variables which influence wear,
it is extremely difficult to project bearing life for ali types
of applications. For this reason, the Transport Dynamics
engineering department should be consulted when ’
questions of this nature arise.

f ' R

Bearing Load Limits
Static Pressure Limit (constant pressure’)
10,000 psi with phenolic backing
20.000 psiwith steel backing
‘Where repeated impact loading is applied, these values
shouid be reduced to meet fatigue life requirements.

Dynamic Pressure Limit
2.000 to 4.000 psi for best hile

10,000 psi sugqgested minimum

Velocity Limit

Under dry running conditions. the maximum allowable
surface velocity will depend on the applied load and other
operating parameters. In general, surlace speed shouid be
kcotbelow 35 FPM.

e ererrarmaesossstmtgg)

A=10

44C 00335 0O /1"0.’/5

' PV Factor

For plain, dry-runnmg bearings; itis often helpful to
reference a pressure-velocity (PV) factor as aguide in
determining bearing capability. It should be understood
that this factor is actually a variable which reflects the
pomt where surface temperatures are at a maximum, but
are still stable. The maximum PV established for
FIBERGLIDE" is

PV continuous—10,000
PV Maximum—20, 000

Temperature Limit .
Normal operating temperatures should be kept below
200F for standard Fiberglide * bearings. An increase in wear
rates' may be experienced at temperatures above 150F,
Note that at elevated operating temperatures, the PVliimit
will be decreased in order to.prevent the surface temperature
from exceeding 200F, (environmental temperature plus.
friction heat generated) When temperatures exceed
200F or fall below —200F, consuilt Transport Dynamics
engineering department for specific recommendatuons

Coetficient of Expansion

When bonded to a metal backing, FIBEHGLIDE s
coelficient of expansion can normally be regarded as
identical to that of the backing, with steel backing
8.4 x 10 °IN/IN/°F,with laminated phenolic backmg
approx. 17.0 x- 10°€ IN/IN//°F.

A COMPARISON OF FIBERGLIDE* WITH
OTHER SELF-LUBRICATING TYPES

ul'm.-ucm FILLED NyLon POROUS.
FIBERGLIDE® PTFE BRONZE

MAX. STATIC '
LOAD PS! 20 000 2 500 1000 8500
MAXIMUM ] ;
) VM-U! 20.000 10 000 3000 50 000
"TEMPERATURE 100 400 69 65
RANGE, F 200 + 500 200 - 250
MAXIMUM 4 ;
SPEED FPM 34 100 . h0 1200
CHEMICAL . o . AW
RESISTANCE GOND EXCELLENT AR Al
MINIMUM COEF. R ) )
OF FRICTION o hd S A
TYP.DYNAMIC |70 1
LOAD (PS.1.) 0007010 000

Coefficient of Friction
Coelficient of friction depends upon typ2 of movement,
himish of maling surface, ambient temperature, bearing
pressure, velocily and other vanables. Figs. 1.2 and 3
were obtained from flat specimens and may be used as
aguide. Note in Fig. 1 that the coetficient drops off as )
bearing load increases. This otfers the advantage of using
the smallest bearing sizes 1o obtain the least amount of
Inction. Fig. 2 shows the coefficient ot friction increasing_as
surface velocity increases from 0-20. FPM. Thus feature
is particularly desirable for vehicle steering systems.

7 %

l0pos psi = 64,000 Wi



5416100 LEAR SIEGLER INCs

"COEFFICIENT OF FRICTION

06
05 L .
70°F
04 .
150°F
03
3W’
02 F
01
] - - —
- 1600 3200 4800 6400 8000
SLIDING SPEED — 0 5FPM - LOAD(PSi)

Fig 1 —Etfectof load and temperature on Fiberglide " bearing Inction
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COEFFICIENT OF FRICTION
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Fig 2 — Coellicient ol friction at 10.000 psi.
Normal umtload and 70 F vs surlace speed
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- MATING SURFACES

FIBERGLIDE . being NON- METALLIC will operate
agarnst most metals. but better: pertormance isusually
obtained withthe hardest available mating surfaces.
Hardened steel, hard anodized- -aluminum, hard chrome or
nickle plate are recommended A surface hardness of -

45-50 Rc is desirable, but satlsfactory pertormance can

also be obtamed with'softer materials. However, the harder
the surtace. the less likely that it will be nicked or scratched
prior.to assembly. Generally, a surface finish on the mating
:components of 16-32 micro-inch should be provrded ‘Shatt. .
materials or surface treatments.should:be selected: that will

~effectively resist corrosion. The influence of drfferent

surface hardness and surface frnrsh is shown below

To determine:the. approxumate reductron in: Ilfe tor

dmerent values of shatt fnmsh and hardness, see below

_§___,yiﬂ<el..mzeenmmend mstallaiion o'l' aSImple seat:

FINISH
| Mlcfo\-‘ln..cho- i
.32 0.55: [} 'Red0 -0.60 -
63 020 | R30 | 040

' Dirty Envlronments

FIBERGLIDE " can tolerate small amounts of dlrm
re,dmasmeanng lrfewrll result Opt mum life‘is achieved if
wadirty envrronment

Aehanssein’ S RIS

Running Clearance

As a general rule, close running fits, and often slight
interferencefits (.0005 in.), are selected for oscillating
motion when minimum startrng lorque is. Iess important
than the elimination of free play. For constant rotation, a
free-running fit is normally recommended, the exact amount
depending on bearing bore size. A rule of thumb would

tzio/gglmnch of bore (bearmg installed).”

Bearing Housing Fits
_mumaLbeamgg(CJS/CJT type) are

‘g\_swn the housing bore using apress fit.
e

commended housing bores should be heldfo the
tolerance shown to insure the proper press fit. After
instailation, the journal-bore will then fit the shaft:
properly. i.e., with optimum clearance for longest life.
The L,ls type bearing is hand slip fit into:its
recornmended housing bore to provide optlmum fit-up.”

,, s e e

COntaminatlng Fluids :
JﬂEﬂﬁaJXLJmQJanammamm§2g§Fg%$ams
_found in bearing-applications._ Aithough some reducti .
“from dr dry bearing life will result, following are some of the

environments in which these beanngs have operated
successfully:

Hydraulicoils_ Mild acids
Greases . Ammonium hydroxide

Gasoline Lubricating oils
Kerosene Detergent solutions
Toluene Seawater

Liquid Nitrogen

%8 97
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SELF-LUBRICATING BEARINGS
“TYPE : DESCRIPTION DIMENSIONS* APPLICATIONS =

CJs v
Journal bearings, Nom. sha,ft,diam.: .37510 10.000 ideal fdr automotive vehicles, farm .
coiled steel ) Bearinglength: .250 to 6.50 equipment; textile and woodworking
backing, zinc - Wall thickness: .045 to .093 machinery. Has plated carbon steel -
plated. L ' backing, other metals available.

CJT

- Journal bearings,
thin-walled,
-colled steel
‘backing, zinc
plated.

Nom. shaft diam.: .500to 10.000
Bearing length: .375106.50 =
Wall thickness: .060

A lighter.walled bearing fordirect:
replacement of-conventional

bushings of the same size.
Applications similar to CJS above:

CJMm

METRIC

Journal bearings,
coiled steel
backing, zinc
plated.

Nom. shaft diam.; 8MM to 120MM
Bearing length: 8MM to 165MM
Wall thickness: 1.0to 2.4 MM

Application similar to CJS above,
but manufactured to metric
dimensions. -

LJS

Journal bearings,
liner type.
Non-metalilic.

Nom. shaft diam.: 1.000 to 12.000
Length: .375 10 6.50
Wall thickness: .022 to .062

As a thin-walled sleeve, this bearing .
may:be used in butlerfly valves,
trunni ings, valve stem’

~ bushings, food handling machinery.

FTS

Thrust bearings,
metai-backed,
single sided.

Nom. shaft diam.: .250t0 3.250
1.0.:.28010 3.312
0.D.:.50010 4.875

Thickness: .030 10 .060

Typical applications include kingpin
assemblies; industrial veives and

valve actuators. Zinc plated mild stee! |-
is used as a backing material.

LTD
Thrust bearings,

double sided.

laminated
}\ phenolic-backed,

Nom. shaft diam.: .250tc 3.250
1.D...28010 3.312 *
0.D0...50010 4.875

Thickness: .030to0 .094

Apphications similar 1o FTS above

‘but also include wet or corrosive

almospheres. LTD washers use
Fiberghde on both sides ¢ maximize
bearinglife. Non-metailic.

FTP

Thrust packs.
Two piece
assembly.

1.D.: 1.060 10 3.000
0.D.. 1.750t0 4.625
Thickness: .130

These packs are :deal for.vehicle
kingpin assembhes, frame hinges.
Includes a sell-contained dust seal
and hard plated wear surface. -

*Alldimensions are in inches except for CJM series. In addition to the standard size ranges listed. all Fiberghde * bearings can
be supplied inlarger diameters and special configurations. Inquiries should be diracted 1o the Sales Dept. '

FIBERGLIDE " self-lubricating bearings are manufactured on a per order basis for OEM requirements. Overruns from these
orders are often available from factory stock.

%9 90
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TO: MR. JT. W. BRAZELL

FROM: LUNAFR DIGBER GROUF -~
MARSBHALL ALLEM, CHIH-YU CHU JON COLEMAN, JAE H. LIM,
FAUL. THOMAS, BERTRAN WHEATLEY

BUBTECT : WEEKLY PROGRESS REPORT ON THE LUNAR DIGGER

The greatest part of this weelk was spent prepacing for the
midterm presentationt however, we also made progresse in the
following areas:

FOWER SUFPLY:

The hydrogen/oxsyvgen fuel cells are being considered. They
consist of fuel, an oxidants and twe electrodes in contact with
an electrolyte. There are other fusl cells with different fuels
ard oxidants, some of which use an alkaline electrolytes but
the hvdrogendoaygen combination appears o be the most
afficient at this stage of technoclogy . As compared to
batteries, Tuegl cells have a higher enegrgy density when power
iw needed over an extended pericd of times it can alse be
refilled by resupplying fuel and odidants. The fuel cells of
the Space Bhuttle can be used as a design guwide. They have an
energy density of 15 kw/kg. With the digger needing an
estimated 18 hp power sources the fuel cells will have an
approdimated mase of 60 kg plus the mass of the fuel.

HEAT EXCHANGER

Due to the lack of atmospheres hest loss from convection
to the atmosphere is negligible. The heat gensvabed from the
digger must be veleased by radiation or a heat srhanger .

At First a heat exchanger concept wbilizing & solid
adsorbent to store the heat was visualized. feclite was
considered as a form of solid adscrbent. Books on the sub jeot
ceuld net be found in the library. &n interview with Dr.
Shelton was conducted on the subject of heat exchangers. Dir.
Bhelton couwld net think of any metheod of sclid adsorbent heat
exchanger for space applications. He menticoned sclar radiators
as & viable means of expelling waste heat. He said Dr. Colwell
was working on a NABS space radiator. Dr. Shelton alsoe said
that a Brayton steam cvole could use escess heat to procduce
powar. The problem with this concept is that the waste bheatb
would have to be radiated at a lower temperature which means a
lavrger aresa for the space radiabor,

N Dir. Colwell explained the basic concepts needed to make a

ﬁ,ruugh design of & space radiator. He said they are Found
currently on every type of space vehicle. A space radiator is
usttally made of aluminum with & coating that Qives an
emissivity of LB, Coatings are available which also Glve a&n

100
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absorpbivity of 8. & thin sheet ef aluminum has aluminum
piping welded or brazed o it in & sandwich matter. An alumioum
block can have tracks machined into one block and thav welded
boo ancther block. The second method is me efficient. Basic
Black body radiation egquations are used in analysis. Segmented
panele. of space radiators can be made for cocsling different
flutds. Fanels can be lightweight and relatively friendy. Never
point at sun. Temperature of open space can be assumed to be
~EOF For caloulation purposes. The higher the b ’ f

iperature of
the fluld the faster the heat is radiated and the smaller the
argda. Dr. Colwell suggested a Rankine steam cyele for I GO
generations but space radiabor ares CAuses some prodrlems . Né
easy way of sizing a Rankine cycle is known by Dr. Colwell,

Iﬁdividual ﬁffdrt%:‘

MARSHALL ALLEN: .
~Attended lecture at Fernbank Science Center
~Obtained working knowledge of SADAM svstem
~Made CAD drawings of hyrdaulic system components

CHIH-YU CHU:
~Extensive resesrch on use of fuel cells _
o ~Wrote problem statement and chjective for the midberm
rEpo ‘

JON COLEMAN:
=Froduced drawings of the digger using the CADAM svetem
~Wrote problem statement and objective for the midterm
vepord '

JAE N. LIM:
~Froduced the cutline for the midberm report
—Introduced to CAD system in C. E. building

PAUL THOMAS:
~Frepared speesch for the midbterm presentation
~Frepared visuals for the midbterm presentation
BERTRAN WHEATLEY:

~Extensive research on the hest exchangers
~Discussions with Dra. Shelton and Colwell

ae
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LUNAR DIGGER GROUP

PROGRESS REPORT #3
APRIL 24, 1987

GROUP MEMBERS: MARSHALL ALLEN, CHIH-YU CHU, JON COLEMAN,
o - JAE N. LIM, PAUL THOMAS, BERTRAN WHEATLY.

Each memer of our gruop is researching some baokground
information as follows: :

INDUCTION MOTORS:

Induction motors are most common in general industrial uses.
They are available in sizes of less than 1KW to 1000KW.
Rotor resistance is relatively low and the slip in the
normal operating range is quite small, less than 5%. As a
result it is difficult to vary the speed of an induction
motor connected to a constant frequency and voltage using
contral DC and AC converters or semiconductor devices. DC
machines has a relative ease with which its speed can be
changed. It is useful in drive systems and used widely in
portable power tools in small sizes. :

HEAT EXCHANGER: (meeting with Dr. Shelton)

In;Dr.'Shelton’s opinion, he could see no possible means of
using a solid absorbent like zeolite as a heat exchanger for
space application. He mentioned as a most likely candidate,
the use of a pump and piping system connected to a space
radiator. He also mentioned that the heat sink to space is
-80(deg. F.). Dr. Gene Colwell was mentioned as the expert
on this subject. At this time he is supposed to be working
on a space radiator for NASA. A fundamental mockup of this
system could be envisioned as a potential inclusion that a
rankine power plant using water as a system could be
utilized to produce power in the system. The problem of
doing that is that heat would have to be expelled at a lower
temperature. Thergy, requiring a larger radiator. How much
power can be produced must be checked in thermobook under
assumption of specific temperature range.

POWER SYSTEMS:

The three principle power system which were looked into are
brayton, rankine, and thermionics. Some of the
characteristics of these power systems are as follows:

Systen Characteristics
Brayton High efficiency
Large radiator

Rankine Lowest weight for given temp. level
: Smaller radiator area than brayton cycle
Two-phase, liquid metal system
Thermioncs Very high temp.
High power density
Smallest radiator area of the three system.
o2 e
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To obtain good performence of the boiler and the condenser
in a Rankine cycle space-power system, the heat-transfer
processes associated with two-phase flow of liquid metals
must be understood. To obtain an efficient and reliable
power system, stable operation of these two components must
be obtained, both by themselves and by their interactions
with other parts of the system. ' '

Weight is certainly important and, all other things being
equal, the lightest power system would be selected. In
applications where there is ample weight capabilities and
many power systems to choose from, other characteristics
besides weight can prevail.

MARSHALL ALLEN:
Visual inspection of similar equipment-e.g. bucket shape,
teeth, locations of pins, ect. Looked into information search

in library and introduced to CAD system.

CHIH-YU CHU:

Had a meeting with Roger Leung,PhD candidate student in ME
dept., about proforming static analysis on the digder arms
and bucket and found that we need more information before we
can make the actual analysis.

JON COLEMAN:

Researched materials on possible use of an induction motor
on the lunar digger. There were some advantagies and
disadvantagies of useing the induction motor.

JAE N. LIM:
Researched materials on different power systems especially
the Rankine system. And typed this weeks pProgress report.

PAUL THOMAS: - , . :
worked on mount and bracket for digger skidder/interface.
Porformed several sketches and final drawing.

BERTRAN WHEATLEY:

Had an interview with Dr. Shelton and provided us with few
tips and ideas. Also worked on the actuators and heat
sources.
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LUNAR DIGGER GROUP

PROGRESS REPORT #5
MAY 8, 1987

GROUP MEMBERS: MARSHALL ALLEN
CHIH-YU CHU
JON COLEMAN
JAE N. LIM
PAUL THOMAS
BERTRAN WHEATLY

During the past week, we have came up with a couple of concepts
for the kinematic design for the placement of the solar radiator.
In one configuration, +the solar radiator ranel is brought

straight outwards from the base of the digger arm. The next
scheme swings the panel into a position next to the body of the
walker, The feasibility of a stationary or rotational mounting

to the base isg being evaluated in terms of complexity and need.

We searched for hydraulic fluids for the hydraulic actuating
system and found two possibilities. Both fluids are manufactured
by the Royal Lubricants company. The two fluids are Royco
Micronic 846 and Royeco 820x. Both fluids are synthetic and
designed for high temperature changes. Their range is from -85°F
to 400°F. One of these two Royco fluids may become our final
choice.

Because of +the lower range of the fluid is ,—65?F and the

temperature on the moon may become”g+2009‘F;‘“ah electrical
resistance dipstick heater will be used to heat up the hydraulic
fluid to a suitable range for the fluid. A specifie model is
being researched in catalogs to see if any can operate in the
specified range. ‘A temperature sensor ifh the o0il accumulator
will signal the microprocessor unit to turn on/off the dipstick.

After speaking with Dr. Johnson about our digging mechanism, he
provided us with two IBM programs designed to analyze bolts in
shear. Dr. Johnson believes they were the most applicable for
our implement,

loy




ME 4182
LUNAR DIGGER GROUP
PROGRESS REPORT # 6

MAY 15, 1987

GROUP MEMBERS: MARSHALL ALLEN, CHIH-YU CHU, JON COLEMAN,
JAE N. LIM, PAUL THOMAS, BERTRAM WHEATLEY

Each member of our group is reSearching‘some background
information as follows: '

SOLAR RADIATOR:

A mechanism for moving the solar panel from underneath the
digder was being considered. The following mechanism is the
prominent system being currently investigated. Two slider
crank mechanisms located on each end of the panel slightly
above the panel’s center of gravity will move the panel from
underneath the walker. A wire rope attached to the top
center of the panel will be attached to a pulley system and
counterweight which will releive part of the load from the
slider crank linkages, but will mainly adjust the angle of
the panel. A brace will be located on the end of each
connecting rod to transfer load to the crank linkage and to
hold the bars in place.

FORCE ANALYSIS:

The different angles and positions of the arms and actuators
were calculated. Buckling foces on each actuator was '
calculated from actuator dimensions from last quarter.
Preliminary analysis on the dimensions of the three
interface connections to the walker was done. An initial
diameter of 0.5 inches for each connection was calculated.
This analysis assumed a factor of safety of 3, 95%
reliability, 2024-t36 aluminum alloy, ground finished,
tensile preload of 100 1lbs., a fluctuating load of 0 to
1600 1lbs., and infinite life. This analysis assumes axial
loading of the connections.

POWER SYSTEMS :

A comparison between hydraulic and electric motors provided
the following information :

Hydraulic

MERITS: High force density; Good controllability ;
Indefinite stall capability; Low actuator inertia;
Simple design; Low actuator cost

DEMERITS: High cost of servovalves; Effect of oil
temperature change on performance; Leakage; Dirt
sensitivity
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GROUP MEMBERS: JAE LIM
CHIH~YU CHU
PAUL THOMAS
BERTRAM WHEATLY
MARSHALL ALLEN
JON COLEMAN

During this week, we went through the analysis of electric
motors, radiation systems, kinematics, power systems, and joints.

ELECTRIC MOTORS

The brushless, Samarium-Cobalt motor designed by General
Motors/Delco, used by NASA for Space Shuttle application, has
been chosen for our our likely motor. ‘Comparisons on the
synchronous, induction, ‘and DC motors brought us to the
conclusion. One of the best features of the motor include the
89 - 95% efficiency.

HEAT TRANSFER

Radiators were chosen instead of the solid absorbant heat
exchanger, since the heat pump process was determined not
feasible. The apparatus for mobilizing the radiator has been
given two basic ideas. The radiator will either be pushed
through the top, or pushed out from the side.

KINEMATICS

Equations for the angles and lengths of the system were made.
Various actuators corresponding to the feasible loads was also-
calculated by the areas and force analysis. Joint and pin force
analysis was conducted to find the relative sizes needed.

POWER SYSTEMS

Electromechanical and hydraulics were researched in more depth.
Velocities, extension and retracting forces, and horsepower was
found. The result of a basic weight to power analyis proved
hydraulics better for weight. Damping is yet to be found for the
system.

16§




Jae Lim: Research in the electromechanical amd hydraulic data
including actuators, weights, and efficiencies.

Chih-Yu Chu: Kinematic analysis of the pins and joints.
Calculated the maximum force and equations

Paul Thomas: DC motor and hydraulic research. End efféctor
design possiblities, fatigue data at cryogenic
temperatures, and attempted work on the Geomed.

Bertram Wheatly: Design of the radiation mobilization system
side push method as illustrated in the enclosed~
figure, which he drew. .

Marshall Allen: Research on the overall structure of the

hydraulic system. He also did the computer
programing for the forces, angles, and areas.

Jon Coleman: Research on soil mechanics and did some de51gn1ng
of the end effector. :
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Lunar Digger Group 7

. Weekly Progress Report
3-29-87

MARSHALL ALLEN
CHIH-YU CHU

JON COLEMAN

JAE LIM

PAUL THOMAS
BERTRAM WHEATLEY

This week Group 7 met several times to write the rough
draft of the final report. Each group member was assigned to
write up sections of the report in which he researched earlier
during the quarter. Several major sections were covered,
including heat transfer, motor selection, the hydraulic system
and method of operation. During the next and final week,
other sections and subsections will be added with the
necessary format for the final report in formal ASME form.
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This schematic represents the type of control
functions necessary at eech actuator. The
conbined information on position and vel-
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